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摘  要 
早期初级血管网络的形成，始于胚胎中胚层形成过程中其部分细胞分化为血
管内皮前体细胞。血管内皮前体细胞再进一步向血管内皮细胞分化并形成初级毛
细血管网，血管内皮细胞与其周围细胞进一步相互作用，逐步进行对初级血管的
改建和生成新的血管，最终完成血管系统的发育。因此，血管内皮细胞是血管生
成的中心细胞。为研究胚胎血管内皮细胞分化机制，先前我们从发育至三体节的
鸡内皮前体细胞（VEGFR2+）相对特异表达基因的克隆中，发现了鸡的 Vezf1  
(cVezf1) 基因。该基因与在小鼠中发现的 Vezf1 基因高度同源，具有转录因子典
型的锌指结构域。Vezf1 基因在小鼠中发现时被认为可能是唯一个真正血管内皮
细胞特异性转录因子而得名（vascular endothelial zinc finger-1）。我们期望能够通
过在早期鸡胚中沉默 cVezf1 表达的研究，来揭示其在鸡血管发育中的作用。 
鸡胚作为发育生物学重要的模式生物之一，多年来被广泛应用于发育、免疫、
病毒及细胞生物学研究中。与其他动物模型相比，鸡胚经济易得，在整个发育过
程中都可以方便地进行操作和观察，用于发育生物学与基因功能研究有独特的天
然优势。但由于现有基于对单个受精卵的基因操作手段难以用于鸡胚而获得基因
敲除或调低的个体，鸡胚模型的天然优势没能在现代基因功能研究中获得有效的
利用。我们期望通过利用载体病毒的感染特性导入可表达的 RNA 干扰构件，实
现在鸡胚的整体或局部对目标基因的表达抑制，从而形成对鸡胚这一重要的模式
动物应用于个体发育与基因功能研究方面的重要技术突破。 
本论文包括对利用病毒感染特性的鸡胚 RNAi 技术的研究和利用该技术对
cVezf1基因在鸡胚血管系统发育中功能作用的探讨。在鸡胚RNAi技术研究方面，
我们首先研究了慢病毒载体和RCAS病毒载体系统通过感染导入RNAi构件实现
活体鸡胚基因干扰的可能性，结果表明虽然两种载体系统都能在鸡胚形成感染，
但 RCAS 载体病毒明显在感染强度和范围上更为有效；随后我们对 RCAS RNAi
载体病毒的包装和在鸡胚不同胚龄使用不同注射位置、注射用量等方面进行了大
量的实验性研究，初步建立起了一套活体鸡胚 RNAi 的技术方法。研究结果表明，
在 HH stage 1 期（未孵化）鸡胚的胚盘下腔注射 1.5 ~2 μl 浓缩病毒是获得全胚感
染的最佳方法，孵化 36 -48 小时在神经管和心脏内注射载体病毒 2-3 μl，可以获
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得较好的存活率，并可造成较大面积的感染，尤其是神经和心脏血管系统的有效
感染。在感染范围和对发育鸡胚保护等方面比目前流行使用的电穿孔
（electroporation）技术有明显的优势。在 cVezf1 基因的功能研究方面，我们利
用自己建立的 RNAi 技术，首次研究了 cVezf1 基因在鸡胚血管系统发育中的作
用及其对鸡内皮细胞特性的影响。结果表明，cVezf1 沉默后鸡胚卵黄囊毛细血管
发育受到明显影响，虽然较大的主要血管可以形成并发挥功能作用，血管的正常
分支布局受到干扰，分支有所减少，且分布不均匀，部分区域有血流凝滞和血液
渗漏现象出现。鸡胚本体血管也出现了类似的表型。石蜡切片免疫组化显示血管
内皮发育出现异常，内皮细胞标记 vWF 表达明显减弱。分离培养的鸡血管内皮
前体细胞在干扰 cVezf1表达后增殖速度明显减缓，鸡动脉血管环实验显示 cVezf1
基因沉默后血管新生作用也受到了一定程度的抑制。 
关键词：Vezf1；血管发育；RCAS 病毒载体；RNAi
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Abstract 
Abstract 
The development of vascular system starts with the differentiation of endothelial 
precursor cells (angioblasts or hemangioblasts) from the forming mesoderm. The 
endothelial precursor cells then differentiate further to endothelial cells and form 
primary blood vessels, and following further interactions of endothelial cells with 
their surrounding cells as wall as the matrix of different sources, the functional 
vasculature seen in various organs and tissues are established to accomplish the 
development and growth of the vascular system. Therefore, the vascular endothelial 
cells（EC）are key cells for the vascular development. In order to study the mechanism 
of endothelial cell differentiation, we previously identified a clone among those that 
are relatively specifically expressed in endothelial precursor cells (VEGFR2+ cells) 
isolated from the three-somites chicken embryos -- a clone which belongs to a 
homologous gene of mouse Vezf1 and we termed chicken Vezf1 (cVezf1). Vezf1 was 
believed probabaly the only true vascular endothelial cell specific transcription factor 
at its descovery in mice, and thus named, Vezf1 for Vascular endothelial zinc finger 1. 
We expect to reveal its role in the vascular development of chicken embryos through 
gene interferring. 
For long time, chicken embryo has been used as a central model in research of 
development biology, it is also widely used in studies such as immunology, virology 
cell biology, etc. For research of development biology and for gene function, chicken 
embryo has unique natural advantages over other model oganisms including easy 
accessibility in the egg, economy in use, as well as the feasibility of operation and 
observation in the embryo through the entire developmental process. However, its 
usefulness has been hampered by the great difficulties to obtain knock-out or knock-in 
individuals with the popular gene-manipulation technology that is based on the 
operation on the single zygote. We expect to achieve inhibition of target gene 
expression in the entire body or certain part of chicken embryos by making use of the 
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Abstract 
infective nature of vector virus to introduce RNAi constructs of targed gene 
expression, to get an important technological breakthrough for research using the 
chicken model. 
This paper includes studies on establishment of chicken embryo RNAi 
technology utilizing the infective nature of vector virus and on the functions of cVezf1 
in chicken vascular development. In the first part, we first compare the infection 
efficiency of lentiviral and RCAS vector system to chicken embryos. It turns out that 
both of the lentiviral and RCAS vector systems could infect chicken embryos, but 
RCAS is a better choice with the commonly-used packaging systems. we then 
performed further studies with the RCAS vector system to obtain optimal dose of 
usage as well as optimal time (development stages) and position (location in embryos) 
of delivery. Results of the study show that the best way to obtain whole embryo 
infected individuals is to inject 1.5μl~2μl RCAS virus into subgerminal cavity at HH 
stage1, and better survival rate and infection in nervous system or vascular system 
could be obtained by injecting 2μl~3μl virus into the nerviduct and heart of 36h~48h 
chicken embryos, respectively. Such approach has obvious advantages over 
electroporation in scale of infection and protection of chicken embryos. In the second 
part, we performed studies for the function of cVezf1 both in chicken embryos and 
endothelial cells. As results, the development of yolk sac vessels showed abnormal in 
cVezf1 knock-down chicken embryos: although the main or relatively bigger blood 
vessels develops normal, branching was interferenced. The number of branches was 
decreased and unevenly distributed, and leaking of blood in some areas was observed. 
In embryo proper, similar phenotypes could be observed although not as obious as in 
the yolk sac. IHC in paraffin sections showed the endothelium of blood vessels 
appeared abnormal with reduced expression of the endothelial marker vWF. In culture, 
endothelial precursor cells growth slowed down significantly after knock-down of 
cVezf1 expression; arterial-ring assay showed that angiogenesis was also inhibited to 
certain extent with cVezf1 knock-down. 
Keywords: Vezf1; Vascular development; RCAS vector; RNAi 
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前 言 
第一章 前 言 
一 血管系统发育 
1 血管的发育概述 
血管系统是动物体内最重要的系统之一，也是脊椎动物胚胎发育中第一个发
育与执行功能的系统，整个胚胎的生长发育都依赖于血管系统的生长与功能活
动，它负责将体内各处的二氧化碳和其它代谢废物转运到排泄器官并排出体外以
保障各组织器官系统的正常代谢与功能活动[1]。血液循环通过对激素、免疫细胞
等重要生理活性物质的运输成为各组织器官联系的重要途径。 
 
 
 
 
 
 
 
 
 
 
图 1.1 血管系统的发育 
Fig1.1 Development of the vascular system 
(Modified from Carmeliet P. et al，2005) 
 
血管的发育过程如图 1.1 所示主要分为两个阶段：一是早期初级血管网络的
形成，称为血管发生（vasculogenesis）；二是初始血管网络的改建和在原有血管
的基础上生长形成新的血管，统称为血管新生（angiogenesis）[2-5]。 血管发生始
于胚胎中胚层形成过程中其部分细胞分化为血管内皮前体细胞（angioblast），随
后这些细胞经过进一步增殖、分化，并通过移行、聚集、极化等复杂过程，形成
1                                                         
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